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Abstract.  Serology of West Nile virus vectors and non-human reservoirs was 
surveyed at Acapulco, Jose Azueta, and Ometepec, three Pacific Coast localities of 
Guerrero State, Mexico.  The objectives of this study were to use enzyme-linked 
immnosorbent assay (ELISA) to assess West Nile virus antibodies of bird and 
equine serum samples and use reverse transcription of polymerase chain reaction 
(RT-PCR) to detect the virus in field-collected resting mosquitoes.  Forty birds 
trapped using mist nets yielded 10% seroprevalence.  Similarly, 18.6% of 102 
equine blood samples had West Nile virus.  In addition, 4,854 mosquitoes were 
caught using motorized backpack aspirators and grouped into 116 pools.  Of the 16 
species and seven genera, no mosquito was positive for West Nile virus.  Our study 
demonstrated West Nile virus seroprevalence on resident birds and equines in 




West Nile Virus is a member of the Flavivirus genus (Flaviviridae).  The 
flaviviruses have positive-sense, single-stranded RNA (Calisher and Gould, 2003, 
Lindenbach et al. 2007).  West Nile virus can cause febrile illness, meningitis, 
encephalitis, and flaccid paralysis (Hayes et al. 2005).  It was first isolated from a 
febrile woman in Uganda in 1937 (Smithburn et al. 1940) and subsequently 
associated with sporadic cases of disease and major outbreaks in Africa, Australia, 
Eurasia, and the Middle East (Kramer et al. 2008,  et al. 2010).  The current 
epizootic/epidemic of West Nile virus in North America seems to be the result of a 
single introduction into the New York City area in 1999 (Lanciotti et al. 1999, Ebel et 
al. 2001), followed by rapid expansion of the range that currently encompasses the 
contiguous United States, Canada, Mexico, Central America, Caribbean, and South  
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America (Hayes et al. 2005, Komar and Clark 2006, Morales et al. 2006, Bosch et 
al. 2007).  The first evidence of West Nile virus in northern Mexico occurred in 2002 
when antibodies were detected in horses, Equus ferus caballus L., in the states of 
Chihuahua, Coahuila, and Tamaulipas (Blitvich et al. 2003a, Estrada-Franco et al. 
2003).  Serological evidence of West Nile virus has been reported in almost every 
Mexican state (Komar and Clark, 2006, Blitvich 2008).  However, only 11 human 
cases of West Nile virus disease have been reported in Mexico.  These cases 
occurred in the states of Chihuahua, Nuevo Leon, Oaxaca, and Sonora (Elizondo-
Quiroga et al. 2005, Komar and Clark, 2006, Blitvich, 2008, Rios-Ibarra et al. 2010, 
CONAVE 2012).  Several species of mosquitoes have been reported to be infected 
with West Nile virus in Mexico, including Culex nigripalpus (Theobald) and Cx. 
interrogator (Dyar and Knab) in Chiapas State, Cx. tarsalis (Coquillett) in Baja 
California State, and Cx. quinquefasciatus (Say) in Nuevo Leon State (Elizondo-
Quiroga et al. 2005, Medina et al. 2008, Ulloa et al. 2009, Ibarra-Juarez et al. 2012).  
Most epidemiological West Nile virus studies from Mexico focused mainly on the 
northern Mexico-USA border and some states along the Gulf of Mexico and 
Caribbean.  Most of the Pacific Coast states have not been thoroughly surveyed 
despite being in the Central and Pacific flyways of North American birds (BirdLife 
International 2012a,b).  This study assessed the zoonotic circulation of West Nile 
virus among mosquito vectors, equines, and resident and migratory birds in rural 
localities of Guerrero State on the southern Pacific Coast of Mexico. 
 
Materials and Methods 
 
Study Area.  The state of Guerrero is between 16º19'48" and 18º53'12" 
north latitude and, 98º00'13" and 102°11'44" west longitude in the Sierra Madre del  
Sur.  Guerrero is bordered by Mexico, Michoacan, Morelos, and Puebla states to 
the north, Oaxaca and Puebla to the east, Michoacan to the west, and Oaxaca and 
the Pacific Ocean to the south.  The Guerrero coastline is a tropical rainforest 500 
km long.  In Guerrero, the rainy season is early June to mid-September, with 632-
2,000 mm of rainfall per year.  The average annual temperature during the last 20 
years was 27-29ºC (Gobierno del Estado de Guerrero 2012).  The study area 
belongs to the Mexican province and the climate classification system of Köppen 
modified by García (1981) defined as warm-subhumid with summer rains (Aw, wi) 
and 5-10% winter rain.  The study area includes the coastline municipalities of 
Acapulco, Jose Azueta en Ometepec (Fig. 1).  The locations were selected based 
on abundance of aquatic habitat such as wetlands, marshes, brackish water 
lagoons, and mangroves. 
Samples from Birds and Equines.  From November 2007 to October 2008, 
a single trapping by strategically placed mist nets was used to catch birds in each 
municipality.  Four nets were used during 3 days at each site and checked every 2 
hours during daylight hours (Ralph et al. 1996).  Birds were identified according to 
species and migratory or resident status (Vried 1988, Peterson and Chalif 1993, 
Kaufman et al. 2005).  Caught birds were bled from the jugular or ulnar vein, and 
blood samples immediately five-fold diluted using field diluent (sterile phosphate 
buffered saline containing 0.75% bovine albumin, 100 units/ml penicillin, 100µg/ml 
streptomycin, and 250µg/ml amphotericin B).  
 Equines were serosurveyed for West Nile virus from April to May 2008.  
Equines were selected from stables, paddocks, and roads.  None had been 
vaccinated against West Nile virus or had any history of travel.  They were bled from 
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the jugular vein and blood samples immediately diluted using the field diluent 
described for birds. 
Samples were placed on wet ice (4°C) and transported to Laboratorio de 
Entomologia Medica, Universidad Autonoma de Nuevo Leon.  The sera of bird and 
equine blood samples were separated by centrifugation at 1,500 rpm for 10 minutes 
at 4°C, then stored at -70ºC.  
Mosquito Collections.  A CDC-style battery-powered backpack aspirator 
was used bimonthly from April 2008 to August 2009 to collect resting adult 
mosquitoes (Clark et al. 1994).  Six 3-day collections were made at each of the 
three study locations.  Mosquitoes resting outdoors near homes were aspirated 
during daylight hours.  Selected sampling places included cattle stables, horse 
paddocks, natural resting shelters (i.e., tree and holes), rock piles, and swamps and 
lagoons with marginal vegetation.  Mosquitoes collected each day were taken to 
Universidad de Guerrero, in Acapulco City, for genera and species identification 
aided by a chill table (Bioquip®, Gardenia, CA.)  (Belkin et al. 1970, Clark-Gil and 
Darsie, 1983, Wilkerson et al. 1993, Ibañez-Bernal and Martinez-Campos, 1994, 
Darsie and Ward, 2005).  Identified mosquitoes were grouped by sex and species 
into 2-ml Eppendorf® microtubes, ranging from two to 67 individuals in each group.  
Groups of mosquitoes were stored at -70°C. 
Serological (ELISA) and Molecular (RT-PCR) Testing.  An epitope 
blocking enzyme-linked immunosorbent assay (bELISA) (Blitvich et al. 2003a, b) 
was used at the Universidad Autonoma de Nuevo Leon to evaluate bird and equine 
serum samples for antibodies to West Nile virus.  The ELISA was done with West 
Nile virus-specific monoclonal antibody 3.1112G (Vector Laboratories, Burlingame, 
CA).  The ability of the host serum to block the binding of monoclonal antibody to 
West Nile virus antigen was compared with the blocking ability of host serum 
without West Nile virus antibody.  Data were expressed as relative percentages, 
and inhibition values ≥30% were considered to indicate viral antibodies. 
Mosquito sample pools were triturated for 45 seconds with a vortex mixer in 
a 5-ml round-bottomed polypropylene tube (Becton Dickinson, Franklin Lakes, NJ) 
that contained 1.5 ml of diluent (1 × minimum essential medium supplemented with 
2% fetal bovine serum, penicillin/streptomycin, L-glutamine, and non-essential 
amino acids) and four copper-coated steel shot particles (4.5-mm diameter, 0.177-
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mm caliber).  Suspensions were centrifuged at 12,000 g for 10 minutes at 4°C, and 
supernatants were collected.  The QIAamp viral RNA Mini kit (Qiagen Inc., 
Valencia, CA) was used to extract total RNA from supernatants.  Mosquito pools 
were tested using West Nile virus-specific primers developed and recommended by 
the United States Centers for Disease Control and Prevention for use in 
surveillance for West Nile virus (Gubler et al. 2000, Lanciotti et al. 2000).  
Complementary DNAs were generated using Superscript III reverse transcriptase 
(Invitrogen, Carlsbad, CA) and PCRs were done using GoTaq DNA polymerase 




A group of four (10%) of the 40 bird sera showed West Nile virus antibodies 
when tested by blocking ELISA.  Two of the latter seropositive birds were trapped in 
Acapulco, i.e., one Pitangus sulfuratus L. and one Trogon citreolus Gould, and the 
other two, one Gallus gallus domesticus L. and one Columbina minuta L., at 
Ometepec.  All are resident bird species (Table 1).  The 40 birds belonged to 10 
orders, 14 families, and 20 species.  The West Nile virus seropositive birds were in 
the Columbidae, Phasianidae, Trogonidae, and Tyrannidae families. 
A total of 102 equine serum samples was collected from the three study 
sites.  Nineteen (18.6%) samples showed West Nile virus antibodies in birds at all 
sampling sites.  Five (15.6%) of 32 equines were seropositive in Acapulco, 11 
(10.3%) of 57 in Ometepec, and three (23.1%) of 13 in José Azueta.  Most 
seropositive equines (89.5%) were horses, while the remaining (10.5%) were 
donkeys, Equus asinus L. (Table 2).  
A total of 4,854 female mosquitoes collected from the three study sites during 
all the backpack aspiration was used for molecular testing.  Sixteen species and 
seven genera of Culicidae were found in the mosquito survey of Guerrero State.  All 
116 pools were tested for West Nile virus by RT-PCR (Table 3).  Most mosquito 
species were Deinocerites pseudes Dyar (23), Uranotaenia lowii Theobald (23), and 
Uranotaenia pulcherrima Linch-Arribalzaba (14).  None of the pools of mosquitoes 
tested by RT-PCR for West Nile virus was positive.  
 
 
Table 1.  Summary of Birds Collected in Guerrero State, Mexico, from 2007-2008 





Locality Common name (Species) 
Family 
(Order) 
% inhibition by 
blocking ELISAa 
3.1112Gb (WNV) 
A-11 Ometepec Chicken Gallus gallus domesticus 
Phasianidae 
(Galliformes) 70.11 
A-19 Ometepec Grown dove Columbina minuta 
Columbidae 
(Columbiformes) 37.46 
A-26 Acapulco Great kiskadee Pitangus sulphuratus 
Tyrannidae 
(Passeriformes) 38.64 
A-33 Acapulco Citreoline trogon  Trogon citreolus 
Trogonidae 
(Trogoniformes) 60.05 
bInhibition values ≥30% are considered positive 
cMAB is West Nile virus-specific 
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Table 2.  Summary of Equines Sampled in Guerrero State, Mexico, with Blood 
Serum Positive for West Nile Virus Antibodies by the Blocking ELISA Technique 
Equine 
 
Species Study site Age (y) Sex 
% inhibition by blocking ELISAa 
3.1112Gb (WNV) 
H-7 E. caballus Acapulco   8 Male 58.92 
H-14 E. caballus Acapulco   9 Male 47.01 
H-17 E. caballus Acapulco   6 Male 34.71 
H-19 E. caballus Acapulco   7 Female 39.57 
H-21 E. caballus Acapulco   5 Female 53.50 
H-39 E. caballus Ometepec 11 Male 54.61 
H-43 E. caballus Ometepec   8 Female 74.59 
H-47 E. caballus Ometepec   1 Male 78.98 
H-51 E. caballus Ometepec   4 Male 52.76 
H-53 E. asinus Ometepec   3 Female 39.97 
H-63 E. caballus Ometepec 10 Female 76.22 
H-65 E. caballus Ometepec   4 Male 82.08 
H-73 E. asinus Ometepec 10 Male 74.14 
H-75 E. caballus Ometepec 10 Male 53.10 
H-78 E. caballus Ometepec   8 Male 85.28 
H-79 E. caballus Ometepec 11 Male 98.64 
H-90 E. caballus Jose Azueta 10 Male 48.49 
H-96 E. caballus Jose Azueta   8 Male 38.46 
H-97 E. caballus Jose Azueta   9 Male 35.12 
aInhition values ≥ 30% are considered significant 





More than 36,000 human cases of West Nile virus have occurred in the 
United States from 1999 to 2012 (CDC 2012).  Despite the fact that the Mexico-
USA border is 3,169 km long, it is surprising that only 11 human cases of West Nile 
virus have been registered in Mexico through 2012 (CONAVE 2012).  Nevertheless, 
the zoonotic factors involved in West Nile virus ecology, e.g., birds, equines, and 
mosquitoes, have been found mostly along the northern states and along the Gulf of 
Mexico (Fernandez-Salas et al. 2003; Blitvich et al. 2003a,b; Elizondo et al. 2005; 
Ibarra-Juarez et al. 2012). 
However, this serosurvey demonstrated the first evidence of West Nile virus 
enzootic circulation in Guerrero State where Acapulco, the second-most popular 
tourist beach in Mexico, is located.  Results showed all study sites with West Nile 
virus antibodies in equines, e.g., Acapulco (15.6%), José Azueta (23.1%), and 
Ometepec (10.3%) (Table 2).  The West Nile virus seroprevalence was 18.6% in 
equines in Guerrero State.  Horses seem to play an important role as a West Nile 
virus host-sentinel in Mexico; reports from North Mexico documented as much as 
62.5% in Coahuila (Blitvich et al. 2003b) and 41.0% in Nuevo Leon states (Ibarra- 
Juarez et al. 2012).  Bird sera tested by ELISA indicated West Nile virus 
seroprevalence from only two study sites, e.g., Acapulco (5.0%) and Ometepec 
(5.0%).  Although all seropositive species were classified as resident birds, 
Guerrero State is part of the Central and Pacific flyways of migratory North 
American birds (BirdLife International 2012a,b).  Thus, it would not be surprising if  
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Table 3.  Mosquito Pools Tested by RT-PCR for West Nile virus in Guerrero State in 
Coastal Mexico, 2008-2009.  Data are combined numbers of all collections and 
study sites.  All mosquitoes were negative for West Nile virus antibodies. 
                            Species Number of pools 
Aedes podographicus Dyar and Knab   1 
Aedes taeniorhynchus Wiedeman   2 
Anopheles albimanus Wiedeman   5 
Culex coronator Dyar and Knab   1 
Culex erraticus Dyar and Knab   6 
Culex erythrotorax Dyar   1 
Culex interrogator Dyar and Knab   3 
Culex nigripalpus Theobald   9 
Culex quinquefasciatus Say   3 
Culex spp. (damaged) 11 
Deinocerites pseudes Dyar 23 
Hemagogus equines Theobald   1 
Mansonia induvitans Dyar and Shannon   1 
Mansonia titillans Walker   9 
Uranotaenia lowii Theobald 23 
Uranotaenia pulcherrima Linch-Arribalzaba 14 
Uranotaenia sapphirina Osten Sacken   2 




extended time-space sampling found migrant birds seropositive for West Nile virus 
on the Pacific Mexican coastline.  Serological surveys have found migrant 
seropositive bird species in Tamaulipas and Yucatan states (Fernandez-Salas et al. 
2003, Farfan-Ale et al. 2004).  
Although none of the pools with 16 species and seven genera of Culicidae 
tested by RT-PCR was positive for West Nile virus, our survey in the field included 
some mosquito species previously found infected at other Mexican locations, e.g., 
Cx. nigripalpus and Cx. interrogator in Chiapas State (Ulloa et al. 2009), and Cx. 
quinquefasciatus in Nuevo Leon State (Elizondo-Quiroga et al. 2005, Ibarra-Juarez 
et al. 2012).  The abundance of mosquitoes we trapped that feed on amphibians 
and reptiles i.e., De. pseudes and Ur. lowii, instead of bird-blood feeders such as Cx 
quinquefasciatus and related species (WRBU 2013) might explain the negative 
West Nile virus results. 
In general, serological surveys of West Nile virus vectors and reservoirs are 
useful to assess emergence and re-emergence of this serious disease in localities 
suspected to be infected.  The recent and unexpected outbreak of West Nile virus in 
Dallas, TX, during 2012 reminds us that West Nile virus maintains a silent 
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